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\) AIR DISTRIBUTION CONTROL GAS TURBINE COMBUSTOR 

^Abstract: 

IRPOSE: To provide a dilute premixing combustion gas turbine 
mbustor in which a flow rate change in premixing air can be increased, a 
jl/air ratio in a combustion region can satisfactorily be diluted for a wide 
d variation range, and an exhaust level of NOx can be limited to a very 
/ value irrespective of the load. 

)NSTITUTION: There is provided a flow passage through which premixing 
14 and dilution air 15 flow, and there is disposed a flow rate distribution 
ichanism of the premixing air and the dilution air in the flow passage. For 
3 flow rate distribution, it is so constituted that when one is maximum, 
3 other is minimum, and that they are made continuously variable from 

2 maximum to the minimum, and further that a fuel/air ratio of the 
smixing air is controlled by adjusting the flow rate distribution matching 
:h the flow rate change in the premixing fuel. For the flow rate 
;tribution it is done by an air distributor which is operated with a driver 
, and the location of a valve of the ditributor is adjusted matching with 

3 flow rate change in the premixing fuel. 
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OTICES * 

an Patent Office is not responsible for any 
ages caused by the use of this translation. 

his document has been translated by computer. So the translation may not reflect the original precisely. 
*** shows the word which can not be translated. 
I the drawings, any words are not translated. 



A-IMS : 

aim^i?So that it has the passage where the air for premixed air and the air for dilution flow, and it arranges the 
•cation device of the flow rate of a diluting air and the air for premixed air all over this passage, and another side may 
/e as min, when flow rate allocation of a diluting air and the air for premixed air is [ one side ] max And the air- 
ribution-control gas turbine combustor which each is continuously made adjustable from max to min, and is 
racterized by controlling the fuel and excess air ratio of premixed air by adjusting the flow rate allocation to 
ipensate for flow rate change of the fuel for premixed air [claim 2] The above-mentioned flow rate allocation is the 
distribution-control gas turbine combustor [claim 3] of claim 1 characterized by for the air distributor which operates 
h one driving gear performing, and adjusting the valve position of the distributor to compensate for flow rate change 
he fuel for premixed air. the condition that the above-mentioned flow rate allocation does not mix a fuel for the air 
premixed air at the time of start up - a combustion zone - supplying - starting - claim 1 characterized by being 
itrolled to reduce this air supply, or the air-distribution-control gas hirbine combustor [claim 4] of 2 Claim 1 or 2 air- 
Tibution-control gas turbine combustors [claim 5] which are characterized by mixing with the injected fuel and 
•ning premixed air af^er a combustion-liner wall is the dual strucmre formed by the inner panel and the outside panel, 
air duct for premixed air is connected to the path formed there and the air for premixed air cools a combustion-hner 
-mal surface The air-distribution-control gas mrbine combustor [claim 6] of claim 3 characterized by giving turning 
he air for premixed air spouted in a combustor by the path which premixed air spouts to a combustion chamber being 
lular and arranging the guide vane of sheet metal or the patagium in in an upstream air duct rather than a fuel- 
action location, or attaching an air duct in the tangential direction to an annular path The annular path where 
mixed air flow's is claim 1 or the air-distribution-control gas turbine combustor of 2 characterized by injecting a fuel 
he airstream which it is the configuration to which that main radius becomes small towards an outlet, the air duct of a 
;ular cross section was prepared in this annular path and same axle, and the swirier was formed in the inlet port of 
t path, and was able to give turning by it. — 

anslation done.] 
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TAILED DESCRIPTION 



:tailed Description of the Invention] 

iustrial Application] This invention relates to the combustor for gas turbines, especially the combustor suitable for a 

I combustion method. 
02] 

•scription of the Prior Art] The outline of the structure of the typical gas turbine combustor used widely now is 
wn in drawing 5 A fiael is injected by the combustion zone 2 from a fuel nozzle 1 . Combustion air flows into a 
ibustion zone fi-om the vent 5 of a swirier 3 or the liner wall 4, and a part flows from the hole 6 of the duplex wall 
Face of a combustion liner, and cools a wall. The remainder flows from the dilution vent 7 prepared in the wall 
face of a combustion-zone downstream. , . . i.i. i. *u 

031 the rate of the cooling air of the air with which it flows into the field for combustion in any case although there 
some from which it is operated by rotational frequency 1 law like [ a gas turbine engine / for a generation of 
^trical energy ] and the air content to a combustor is not based on a load, but a rotational frequency changes like I the 
m of about 1 law and for aeronautical navigation ], and an air content changes a lot, and a wall surface, and a diluting 
it not based on an output, but it is about 1 law. A ratio [ as opposed to / as well as the flow rate / all air flow rates in a 

I I also increases according to buildup of an output. However, since it does not have equipment for inflow control in 
•nine into which air flows in the above-mentioned conventional combustor, if a fuel flow fluctuates according to 

ine power the fuel of a combustion zone and the ratio of air will change with them. Since it mixes with the air which 
ved from the vents 5, 6, and 7 of a swirier 3 or others, and it bums if it is **** and the part of the fuel concentration 
able for combustion is formed in somewhere, the injected fuel can bum in the range of a quite large fiiel air ratio. On 
other hand in the part suitable for combustion, combustion gas tends to become an elevated temperature, therefore it 

40x. Slowdown control is difficult. . 

04] As a combustion method replaced with this, it is lean premixed combustion that big effectiveness is expected 
oretically This is the approach of mixing air with a fuel beforehand outside a combustion zone, and burning in the 
idition with a thin fuel. It is NOx by preventing generating of a local elevated-temperature part by premixing-ization 
he control and coincidence of average combustion temperature by rarefaction of a combustion zone. It is aiming at 

itroUing generation. .„.,., i. 

<05] It is NOx if blowdown of a non-burned component will increase rapidly in this lean premixed combustion it it 
•omes thin too much, and fiiel concentration becomes high. Generation increases more than the conventional 
nbustion method rather. Therefore, it is NOx, without increasing blowdown of a non-bumed component. It is hmited 
he range of a fiiel air ratio with the ability of blowdown to be reduced [ very narrow ] remarkably. Therefore, it is 
ispensable to control air proper according to the change in the fuel flow of a combustor. 

106] As a thing with the control unit of an. air content, as shown in drawiisg.6 , a diluting air is supplied from a tail 
•e 8 and the method which adjusts the air content which goes into a combustion zone 2 using the bypass valve 9 
i5ared in the inflow way is put in practical use (for example, refer to JP,58-88566,U). The thing corresponding to 
wine 5 has attached the same sign among drawing. It is aiming at opening this valve 9, introducing as a diluting air at 
time of start up and low-power output, closing a valve at the time of a heavy load, and disfributing much air by the 
nbustion zone 2. 

!obiem(s) to be Solved by the Invention] However, with the combustor shown in this drawing.6 , if the valve 9 is 
sed not only the air to a combustion zone but the cooling air of a combustion liner will increase. Therefore, in 
mge of the flow rate of the air for premixed air which can be adjusted by closing motion of only this valve, unless 
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;ning of a valve 9 is dramatically large compared with other openings, a fuel air ratio cannot be adjusted to the proper 
ge to the whole actuation range of engine. Moreover, since the rate of pressure loss by the combustor becomes large, 
1 consumption increases as a service condition with large engine power. Furthermore, in the combustor of an efficient 
;ine with high turbine inlet temperature and pressure, since an air content required for cooling of a combustion liner 
reases, the air content which can be used as air for premixed air is restricted, and the problem that a combustion zone 
inot be rarefied enough arises. This invention tends to obtain the gas turbine combustor in which the flow rate 
portioning control of the diluting air and the air for premixed air which the above-mentioned problem does not 
duce is possible. ' 
08] 

cans for Solving the Problem] For solution of the above-mentioned technical problem, the gas turbine combustor of 
; invention has the passage where the air for premixed air and the air for dilution flow, and is characterized by 
mging the allocation device of the flow rate of a diluting air and the air for premixed air all over this passage. When 
w rate allocation of a diluting air and the air for premixed air is [ one side ] max, moreover, each is continuously 
de adjustable from max to min, and it is characterized by controlling the fiiel and excess air ratio of premixed air by 
usting the flow rate allocation to compensate for flow rate change of the fuel for premixed air so that another side 
y serve as min. The air distributor which operates with one driving gear performs this flow rate allocation, and the 
ve position of that distributor is adjusted to compensate for flow rate change of the fuel for premixed air. 
09] A combustion-liner wall is the dual structure formed by the inner panel and the outside panel, and after the air 
:t for premixed air is connected to the path formed there and the air for premixed air cools a combustion-liner internal 
face, it is advantageous to mix with the injected fuel and to form premixed air. It not only can control generating of a 
i-bumed component by the temperature rise of premixed air, but sufficient quantity of the air for premixed air is 
urable. Moreover, by the path which premixed air spouts to a combustion chamber being annular, and arranging the 
de vane of sheet metal or the patagium in in an upstream air duct rather than a fuel -injection location, or attaching an 
duct in the tangential direction to an annular path, as turning is given to the air for premixed air spouted in a 
nbustor, mixing of a fuel and air is promoted. Furthermore, the annular path where premixed air flows is the 
ifiguration to which that main radius becomes small towards an outlet, the air duct of a circular cross section may be 
pared in this annular path and same axle, a swirl er may be formed in the inlet port of that path, and a fuel may be 
jcted in the airstream which was able to give turning by it. 
•10] 

:ample] DrawrngJ. is the conceptual diagram showing the configuration of one example of the air-distribution- 
itrol gas turbine combustor of this invention, and is carried in the small generation-of-electrical-energy gas turbine 
stationing. An engine is operated at a fixed rotational fi-equency. 

1 1] In order that premixed combustion may bum the premixed air which mixed air with the fuel, lowering of flame 
Dility tends to take place, so that it becomes thin. Therefore, in order to prevent the flame failure under engine 
jration by the lean premixed combustion of a main burner, it is necessary to aim at stability of a flame with the pilot 
Tier 1 1 of the large diffusion flame or large partial premixed flame of the combustion stability range. A swirler 3 is 
med in the inlet port of the air duct for pilot burners, a fuel is injected fi-om a fuel nozzle 1 in the airstream which was 
e to give turning by it, and it is mixed with the air from a swirler 3, and bums. The air to a combustor flows in a 
nbustor fi-om the swirler 3 of the pilot burner 1 1 which operates from the time of start up, the path 14 for premixed 
to the main burner 13 which operates at the time of load operation, the dilution air duct 15, the fixed dilution vent 16, 
I the cooling hole 1 8 of a combustion liner 17. 

•12] The fuel-injection hole 12 is formed, and injection mixing of the fiiel is carried out into the air made into the 
fling style by the guide vane etc., and it is injected fi*om a main burner 13 by the air duct 14 for premixed air to a 
nbustion chamber. The butterfly valve 19 which makes an air flow rate adjustable is formed in this air duct 14 for 
mixed air, and the dilution air duct 15. When one side of they is full admission mostly, an opening is changed by the 
c mechanism 21 which another side is connected so that it may become a close by-pass bulb completely mostly, for 
imple, leads to the driving gear 20 which is a servo motor. Of course, the distributor of the structure shown in 
wing's (a) and (b) instead of a butterfly valve may be used. Furthermore, if premixed air becomes deep too much, the 
momenon which produces pulsating combustion will be seen, a combustion oscillation is controlled, and it is NOx. In 
ler to suppress blowdown, to maintain high combustion efficiency, to keep the equivalent ratio of a combustion zone 
istant and to control a fuel flow to the above-mentioned opening and above-mentioned main burner of a valve, it is 
)d to form a fuel and an air flow rate controller. That is, it measures with the flowmeter which prepared a fiiel flow to 
lain burner in the middle of piping, and the signal of the magnitude proportional to the flow rate is sent to a fuel and 
air flow rate controller. The opening of the valve fi-om which the air flow rate corresponding to this fuel flow is 
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lined is'computed from the flow characteristics of the valve which was able to be given beforehand, and a signal is 
t to a driving gear so that the opening of a valve may be in agreement with that opening. If it does in this way, even if 
ad or an output changes, the fuel of a main burner and the flow rate of air will be controlled by the predetermined 



1 31 In order to avoid introducing a diluting air at an early stage so much in order to raise combustion efficiency and 
to reduce die temperature of combustion gas too much, the fixed dilution vent 16 is good to arrange in the lower 
am of a river of the diluting air from the dilution air duct 15. 

14] Since many fuels are supplied rather than a flow rate required at the time of no-load, the valve of the air duct to a 
n burner is opened selectively, and it is made for air to flow also from here, although a fiiel is supplied only to a pilot 
ner 11 at the time of start up. If it starts, a fuel flow to narrowing and a pilot burner will decrease in the path of a fuel 
ering valve even to the specified quantity at the time of a load by work of the engine centrifiigal spark advancer 
ch does not illustrate. Simultaneously, it changes a pilot burner into the optimal condition by reducing the opening 
he valve of the air duct to a main burner. A fuel flow increases with the engine centrifugal spark advancer which will 
illustrate if a load increases, and it acts so that a rotational frequency may be kept constant, the fuel which increased 
istributed to a main burner 1 3, and increases the air flow rate to the path 14 for premixed air according to the augend 
laking -- the gaseous mixture of a combustion zone - concentration is kept constant. If it does in this way, the air 
• of flow is small at the time of start up, since a combustion zone does not become the excess of a fuel, firing 
omes certain, the fiiel air ratio of a pilot burner is kept suitable at the time of no-load and a low load, and blowdown 
I non-burned component can be controlled. Moreover, effective opening area is small and it ends, since an inflow air 
V rate is also so small, the fiiel flow of a pilot burner can be extracted small, consequently the swirler of a pilot 
ner is NOx in a pilot burner. An yield can also be made small. Furthermore, since the fiiel concentration of the 
mixed air of a main burner can be set up appropriately, at the time of load operation, it is NOx. Blowdown can be 
uced in the large range. . r^u- i 

15] The result of the blowdown assessment experiment by the engme-loading tnal of the combustor ot this example 
hown in drawing 2 . In this example, output (load) lOOkw operated only with the pilot burner, and the main burner 
3 also operated with the output beyond it. Extracted a fiiel flow to a pilot burner, the amount of fiiel supply to a main 
ner and air allocation were made to increase, and the output was increased. It will be NOx if the fiiel of a mam 
ner and the flow rate of air are taken appropriately. It was proved that blowdown level could be controlled to a value 
ited very low for a load, the maximum output at the time of a trial ~ about 200 kw(s) ~ NOx blowdown ~ present - 
/as only 1 of combustor of business/3, and the combustion efficiency at that time was about 100%. the time of start 
- present - there were not a case of the combustor of business and a changing place. 

16] The conceptual diagram of other examples of the combustor of this invention is shown in d_rawing.3 • The pilot 
•ner is omitted The annular path where premixed air is made is the configuration to which the main radius becomes 
all towards an outlet, a swirier 3 is formed in the inlet port of the path, a fiiel is injected from a ftiel nozzle 1 m the 
stream which was able to give turning by it, it is mixed with the air 32 from a swirier 3, and serves as premixed air, 
I is spouted to a combustion zone 2. On the other hand, although a diluting air 33 is supplied on the lower stream of a 
sr of the liner wall 4, this air 32 for premixed air and the air 33 for dilution are supplied from one air supply opening, 
Tthat allocation is controlled by the distributor 31 driven with one driving gear 34. 

117] Moreover as for the flow rate allocation by the distributor 3 1 , the fiiel and excess air ratio of premixed air are 
itrolled by making each adjustable continuously from max to min, and adjusting the flow rate to compensate for flow 
> change of the fiiel for premixed air so that another side serves as min, when one side is max. If one example of the 
icture of a distributor is shown, the thing of drawing 4 (a) will arrange the plate-like partition 45 which rotates 
aising on an end in one air passage 46, and will change flow rate allocation by making this partition 45 incline nght 

I left by the link mechanism 47. The thing of this drawing (b) arranges the partition object 48 which moves to nght 
i left in passage 46, and changes flow rate allocation by sliding this on right and left by the link 47. 

)1 8] In order to fiilly secure the flow rate of tiie air for premixed air, cooling of a combustion liner is not depended on 
air for cooling which flows into a direct combustion zone from the hole 6 of a wall surface, but how to perfomi with 
air for premixed air is shown in drawing 5 . After the air distributed to premixed air passes along the path 32 of the 
nbustion-liner wall of the dual structure formed in a wall 51 and an outer wall 52 and cools a combustion-hner 
emal surface it is mixed with the injected fiiel and it is spouted to a combustion chamber. 54 is the guide vane of the 
•et metal forced in the path, or the patagium, gives turning to the air for premixed air which passes through this, and 
!motes mixing with the fiael injected in airstream. By this method, generating of the non-burned component which 

II preheat the air of a combustion zone, especially is easy to generate on thin conditions with the engine whose 
nbustor inlet-port air temperature is not high can be suppressed. Consequenfly, actuation on thinner conditions is 
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ined an^ it is NOx. Generating is controlled further. 
19] 

:ect of the Invention] The air-distribution-control gas turbine combustor of this invention does the outstanding 
ctiveness so — by the above-mentioned configuration, in a lean-premixed-combustion method, flow rate change of 
air for premixed air can be made into size, the fuel and excess air ratio of a combustion zone can be rarefied enough 
le large load-effect range, and the blowdown level of NOx can be controlled to a related very low value at a load. 



mslation done.] 
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